This paper uses firm-level data and Data Envelopment Analysis (DEA) methods to investigate the effects of participation in formal networking activities and of female representation in leadership positions on firm's economic efficiency. Our findings show that firms belonging to a network have a higher level of technical efficiency (i.e. the position of network members is closer to the technical efficient frontier), while the presence of women in senior roles (CEO, President or member of the board of directors) is associated to lower efficiency scores. However, the observed performance strongly increases when firms with women in top positions participate to networks, and especially so in female-intensive working environments and networks, hinting at superior returns for female networking.
Introduction
A growing strand of the economic literature considers the effect of firms' networking activities or cooperation on firms' performance. A general consensus is emerging that supports the existence of positive economic and financial effects from being member of networks, suggesting that cooperating with peers is an important source of competitive advantage (Dyer and Singh, 1998) .
This advantage materializes mainly through two mechanisms: a low-cost access to knowledge or resources (Gulati and Higgins, 2003; Zaheer and Bell, 2005) and the possibility to reach the benefits of scale-economies without increasing the firm's size (Watson, 2007) . While several previous works show a general positive effect from networking on different measures of economic or financial performance, for instance profitability (Watson, 2007) or penetration on foreign markets (Cisi et al., 2018) , less attention has been devoted to long term oriented or more specific definitions of performance, such as total factor productivity or technical efficiency.
Another emerging, but separate, literature is concerned with the general effects stemming from an increase in female participation to leadership positions within firms. The empirical literature in this case is still far from converging towards a consensus on the impact on performance of having more women among top managers and in the board of directors, even if such an increase may have socially and culturally desirable implications. The results are still mixed: while some contributions find modest positive effects (Green and Homroy, 2018; Dezso and Ross, 2012) , other studies show no effects (Comi et al., 2017; Ferrari et al., 2016; Gregory-Smith et al., 2013) , or even point towards the presence of a negative impact (Matsa and Miller, 2013; Ahern and Dittmar, 2012; Adams and Ferreira, 2009 ) of an increase of female representation in senior positions on performance. Within these works, we observe a significant prevalence of contributions focused on large and very large or listed firms, while small and medium firms (SMEs) often are under-represented, despite their importance in many economies, especially in Southern European Countries. Clearly, more work is needed in both literatures. More importantly, there appear to be a large scope for new insights by combining elements of the two literatures, which have developed separately, so far. In this respect, some recent experimental results provided by Kuhn and Villeval (2015) highlight a greater capacity of women to cooperate and to create successful teams as compared to men. This idea stimulates new interest in investigating the contribution of female leaders to cooperation among firms. If women engage in networking activities in different ways than men, a question naturally arises as to whether female leaders are able to bring firm-wide benefits through the creation of more effective and incisive networks among firms, as compared to men leaders.
Our paper contributes to the above debate in several ways. First, we introduce precise and long-term oriented definition of firm performance based on global productivity measures: in particular, we adopt a classical technical efficiency framework based on linear programming (i.e., Data Envelopment Analysis). According to this, we are able to estimate efficiency scores reflecting, for each firm in the sample, the capacity of combining inputs and outputs in comparison to a flexible best available frontier, defined without assuming any functional form for the underlying technology.
The use of such a measure of performance is essentially new in the literature on firms' networks.
Second, we adopt a clear and established notion of networking, by focusing on firms that signed a legal agreement labeled "network contract". Our network members are therefore engaged in a strong form of formalized cooperation, in line with the classical definition given by Parker (2008) 1 or Huggins (2001) 2 and recently confirmed by Huggins and Thompson (2015) . Third, we investigate how the obtained indicators (scores) of technical efficiency are affected by female representation in top positions and by the firm's participation in networks. In particular, we also explore the existence of any interaction with the digitalization process (i.e. the degree of participation to the so called fourth industrial revolution or Industry 4.0), that we measure at sector level according to some recent classifications proposed at OECD level by Calvino et al. (2018) ..
We base our econometric analysis on a database obtained by merging economic and financial data for all the Italian firms operating in the manufacturing sector with information on their participation to formal networks and on the presence of female leaders within each firm, as well as within each of its partners in the network.
Our findings show that, in general, network members have a higher level of technical efficiency (i.e. networking firms are closer to the technical efficient frontier), while the presence of women in senior positions is found to reduce the estimated efficiency scores. However, when firms with women leadership participate to networks, the observed performance strongly increases. The higher firm-wide returns to female networking are even larger in female-intensive working environments and networks, and in high-tech and digital intensive industries.
1 According to Parker (2008) , a business network is a group of entrepreneurs that voluntarily decide to share knowledge and experiences. 2 Huggins (2001) defines formal networks as group of firms that voluntarily cooperate with the explicit aim of coproducing, co-marketing, co-purchasing or co-operating in product or market development. This definition reflects the specific contractual scheme, named "network contract", recently introduced in Italy and object of this study. See Appendix A for additional details.
The remainder of the paper is organized as follows. The next section reviews the literature on networking, female participation in leading position and performance. Section 3 presents the methodology adopted, while Section 4 describes our database, sample selection and the variables used. Section 5 presents and discusses our main results, and Section 6 briefly concludes.
Conceptual framework and relevant literature

Networks and performance
The theoretical literature has long highlighted that belonging to a network might be beneficial for a firm's performance, through a number of mechanisms. Networks facilitate knowledge flows or technological improvements (Vanhaverbeke et al., 2009 ), contribute to contain transaction costs , and provide a source of flexible and relatively cheap resources for all members, also stimulating product and process innovation (Schott and Jensen, 2016; Mazzola et al., 2016) . The empirical literature seems to confirm the theoretical predictions on the positive effects of networking, although the available results are often not easily comparable across studies, because of a number of issues, such as the specific definition of a network, the kinds of firms analyzed, and the methodological approaches adopted by the different authors (Schoonjans et al., 2013 Another problematic aspect is how to properly define a network: networking is often a self-reported activity that may refer to very different kinds of interactions and to different levels of cooperation, spanning from those that are quite informal in nature, to those formalized through specific contractual agreements. For instance, Watson (2011) uses survey data on Australian firms in the period 1994-1997 and finds evidence of positive effects of networking on firms' survival and growth, albeit only for some specific types of formal networks (i.e. business consultants). 3 Similarly, Park et al. (2010) , find that networking has a positive effect on sales growth and survival of manufacturing firms operating in Korea in the period 1994-2003, where networking coincides with the presence of industrial clusters. Additionally, while some studies focus on SMEs, others restrict attention to large firms, for which the results are less clear cut, and vary from the positive effects on profits found by Ritala (2012) for Swedish firms to the negative effects reported Koka and Prescott (2008) for periods of radical changes in the international steel industry. Finally, the various papers adopt different proxies for performance (profitability, productivity, exports or innovation activities) as well as different methodologies to estimate the impact of networking on firm performance.
Our paper contributes to the existing literature by taking a specific stance on each of the aspects identified above. Building on our own prior work (Cisi et al., 2016) , we focus on Italian manufacturing firms, mainly SMEs, as networking is often a key instrument for overcoming the limits these kind of firms typically face in an increasingly internationally competitive and innovation-based environment. We study the effects of a well-defined type of formal network: the network contract that, as explained in Appendix A, consists in a legal agreement between participating firms. Firms (voluntarily) signing the network contract do not receive any other kind of support (like training programs or other activities sponsored by the government), so that we can study the effect of networking per se. Finally, our paper differs from the rest of the contributions in the literature also for what concerns the methods used. Specifically, we analyze the effect of networking on a firm's technical efficiency estimated through DEA methods, which provide a complementary analysis with respect to studies that make use firms' profitability of other performance measures.
Female leadership and performance
Due to the recent increase in female participation in business leadership positions, a growingbut Comi et al. (2017) confirmed the absence of a significant effect when using ROA indices in the whole sample. However, for Italy and Spain, they found evidence of a positive effect of gender quotas when labor productivity or total factor productivity (TFP) are used as alternative metrics of performance.
Using a sample of large listed European firms, Green and Homroy (2018) found a modest positive effect of female representation on board of directors on ROA, but the impact was much stronger (three times as big) when female were also members of board committees. This suggests that it is not the mere participation to the board of directors that matters, rather the presence of women in board committees, where monitoring (through the audit committee) and crucial decisions about nominations, promotions, bonuses and premia are taken.
Several papers move away from the analysis of the role of women in board of directors (within or outside the context of mandated gender quotas), and focus more generally on female leadership, for example by looking at the gender of the CEO or at female representation in top management. Dezso and Ross (2012), for instance, look at the S&P 1500 firms and find that female managers have a positive impact on corporate performance (measured with Tobin's q) only when a firm's strategy is focused on innovation: "in which context the improvements in group decision making associated with gender diversity and the managerial attributes of women managers themselves are likely to be especially important" (p. 1073). This result has been confirmed and generalized by Christiansen et al. (2016) , who found for a sample of 2 million (listed and non-listed) companies across 34
European countries, that the effect of the share of women in senior positions on ROA was more pronounced in sectors that employ a higher share of women and in high-tech and knowledgeintensive industries. As the authors speculate, such industries "demand higher creativity and critical thinking that diversity in general may bring" (p. 6).
The link between female managers and female workers employed in the firms has been investigated also by Flabbi et al. (2014) . Using a sample of Italian firms with at least 50 workers observed over the period 1982-1997, they found that the interaction between female leadership (i.e., the presence of a female CEO) and the share of female workers has a positive impact on performance (measured with labor productivity or total factor productivity). Therefore, they conclude that one advantage of having female leadership is that female managers are better quipped at interpreting signals of productivity from female workers.
Our paper adds to this strand of the existing literature in several ways. To being with, we rely on less volatile, more long-term measures such as DEA efficiency indices, rather than computing accounting measures of performance such as ROA or ROE, making our paper similar in spirit to Flabbi et al. (2014) . We also focus on a large sample of Italian (unlisted) manufacturing firms, thereby complementing the literature that focuses mainly on large (listed) firms. More importantly, rather than looking at an average effect of female representation, we look at the different contexts in which firms operate.
First, we operate a distinction according to whether or not female leaders are involved into firm networking activities. In doing so, we aim at bridging the two literatures on the effects of networking and on the effects of female leadership and propose a more nuanced view on their relative roles, and of any interaction effects, on a firm's performance. This angle of analysis is rather new in the literature. As stated by Hanson and Blake (2009) : "The literature on entrepreneurial networks and gender is so poorly developed that the main take-away message is simply how little is known" (p. 146). We were able to find only two papers, both focusing on entrepreneurs, i.e. on the owners of the firms, rather than on decision makers such as top managers or board members. The first one is the already cited study by Watson (2011) . Moving from the argument that females have limited contacts compared to men and are less involved in networking, especially if it is of the formalized type, he investigated the role of different formal and informal networks for both female and male controlled SMEs, finding the absence of any discernible gender effect on firm survival or growth. The second one is McAdam et al. (2018) , who focused on the effectiveness of a policy intervention in Northern Ireland, where the regional development agency established women-only formal networks, with the aim of helping women entrepreneurs to access to economic, social and cultural capital. Using data from qualitative interviews, the author is rather skeptic about the success of such an initiative, suggesting that separatist women-only solutions have limited efficacy, if any. As we describe below, our data allow us to shed further light on the way a network's composition -in terms of the degree gender diversity among the participating firmsimpacts on the firms' measured performance.
Second, we explore the existence of any heterogeneity related on whether or not female business leaders are active in innovative sectors and/or in industries in which there is a higher share of female workers. As to innovation and the technology development, apart from the usual distinction between high-tech and low-tech industries, we explore the role of digitization and, more in general, of the so-called fourth industrial revolution (Industry 4.0). Sectors differ in terms of investment in ICT hardware and software, as well as in the use of robots in the manufacturing process, in the hiring of ICT specialists and in the use of online sales. The digital transformation is part of a process labeled "fourth industrial revolution". The latest technological developments go much further than the automation of repetitive physical work, and the combined use of digitization, highly effective connectivity, and technologies such as cloud computing and artificial intelligence are leading to the large-scale automation of entire group of tasks, including repetitive intellectual tasks previously performed by human beings. 4 While this process is creating new business opportunities, it involves also the displacement of workers that are performing routine and replaceable tasks.
Technical skills will be far less important in the future, with personal skills becoming more critical.
For example, employees will need to shift their focus to the things machines cannot dothe ability to read people's emotions and react accordingly, or think creatively. The so-called soft skills that are required go from cognitive flexibility to critical thinking, from the ability to coordinate with others to complex problem solving skills (World Economic Forum, 2018) . A priori, it is unclear how the productivity impact of networks and female leaders should be expected to differ in traditional industries as opposed to sectors that are rapidly going digital. From the one hand, a persistent gender digital gap, documented to exist even for younger cohorts and already visible at early stages in labor market careers, partly because of different human capital investments in STEM subjects, suggests that women may be less favorably placed than men to take full advantage of the new digital environment. On the other hand, one may argue that the rapid advances in information and communication technologies, and the emphasis placed on soft skills in the new competitive setting, may allow women to fuller exploit their comparative advantage in networking activities, when compared to men. While in the final part of the paper we aim at exploring the mediating role of the digital era in the returns to female networking activities, we would like to emphasize that our data allow us to provide only some suggestive evidence on such a role.
Methodology
Modeling the technical efficiency of manufacturing firms
In the present paper, we adopt as measure of firm performance based on a standard semi parametric version of technical efficiency, estimated through Data Envelopment Analysis and its bias corrected version. The main advantage of using DEA is that it does not require to specify a form for the technology representing the production process, so that no assumptions are made for the shape of the production frontier. Moreover, DEA allows computing a simple inefficiency measure also for a technology involving multiple outputs and multiple inputs: the frontier is directly derived from the data and all firms in the sample are evaluated through input or output distance.
We consider a vector of inputs and DEA efficiency score can be defined as:
This theoretical indicator of efficiency can be operationalized using the linear programming framework, by solving K linear programs, one for each firm in the sample, repeating the procedure for each specific production process involved in the analysis. Under the assumption of Variable
Return to Scale, more respondent to the real production processes of manufacturing industries, the model appears as follows:
where k indicates firms (i.e. decision making units or DMUs) and X and Y are matrices of inputs and outputs. More recent extensions of the classical DEA model try to partially mitigate one of the main disadvantages of this deterministic approach, i.e. the absence of a stochastic error component. Simar and Wilson (1998) and Daraio and Simar (2007) show that ̂ scores are, by construction, biased and overestimate the true technical efficiency level. Following, their contributions, to which we refer for any technical details, the BIAS can be defined as:
where ( 0 , 0 ) represents the true technical efficiency score that remains unknown. Using a homogeneous bootstrap, Simar and Wilson (1998) introduce a method for estimating the BIAS, based on the assumption that the true production set boundaries lie to the left and above the piecewise linear frontier. Under such an assumption, an estimate of DEA scores corrected for the potential bias can be derived as follows:
These bias-corrected efficiency scores in their output-oriented format are bounded below by 1, a value never reached for the application of the correction procedure. Therefore, values near to 1 represent the most efficient firms in the sample, in terms of their ability in combining inputs to obtain output.
Truncated regression and separability issues
As argued by Simar and Wilson (2007) in their seminal paper, the use of standard regression models is problematic in the analysis of efficiency scores. Given the complex nature of data generating process and the complicated correlation structure for the residuals, standard econometric techniques (i.e. OLS or Censored Tobit models) fail to estimate unbiased coefficients of interest.
For mitigating the problem, Wilson (2007, 2011) propose an identification strategy based on truncated regression estimated via Maximum Likelihood:
where (2016), who analyze the efficiency of hospitals services or Bruno and Manello (2015) , who focus on the telecommunications sector. Nevertheless, when interpreting regression results, Simar and Wilson (2011) , Bâdin et al. (2012) and, more recently, Daraio et al. (2018) show that the application of the truncated regression is valid (i.e. estimated coefficients are meaningful) only if separability conditions between the input-output space and explanatory variables hold. If the hypothesis on separability is rejected, the coefficients from the regression cannot be correctly interpreted, and the precision of estimates is weaker. As suggested by Devicenti et al. (2017) , separability implies that external factors influence the production process only through the conditional density function (i.e. the probability of lying on the frontier, for any given level of external factors), without influencing its support. In their recent contribution, Daraio et al. (2018) propose a specific test on separability conditions that should be run before applying truncated regressions on efficiency scores. In our study, the above-mentioned test allows to verify separability for the two main aspects of interest:
network membership and the presence of female leaders. In general terms, the test consists in comparing the efficiency scores computed in a standard setting with the efficiency scores computed in a conditional setting, where conditional variables are those entering as regressors in the truncated regression phase. If separability is valid, estimates from the two settings should not differ so much, and a normally distributed t-test can be used as in standard hypothesis testing.
Data
General overview and main sources
Our main source of information is the AIDA dataset provided by Bureau Van Dijk, which contains detailed financial information of Italian firms. The data refers to the whole population of firms that are compelled to register their profit and loss accounts and balance sheets according to Italian law, i.e. limited companies and corporations. Starting with this population, we decided to focus on the manufacturing sector, because of the stronger correspondence between the production process and the assumption of the DEA model. Using the tax code as a firm identifier, we matched the AIDA financial database with information on all the firms involved into networking activities (i.e., firms that signed a network contract), as collected by the INFOCAMERE database. The available information refers to the network name, number and identity of partners, main objects of the agreement, month and year of the network creation.
Descriptive statistics and data issues
Given the large dimension of the database, we devote strong attention to the presence of unreliable or incomplete balance sheet data, mainly for the sensitivity of DEA models to the presence of outliers, and we implement a careful process of data cleaning. All efficiency computations are based on the last economic/financial information, referred to the 2016 balance sheet. First, firms that We structured our database as a cross-sectional database with retrospective information, where financial variables refer to the period 2014-2016. of firms has at least one woman at the top of the corporate ladder, where leading positions include the CEO, the president of the board of directors (when there is a board) or, in the case of very small firms, executive administrators or directors. Table 2 reports the average efficiency scores obtained in the DEA first-stage. We computed these scores according to the bias-correction procedure described in section 3, and separately for each industry identified through a slight recombination of two-digit NACE codes 5 . All sectors considered count thousands of firms, so that we could run the DEA models separately for each of the sector reported without incurring in any kind of dimensionality problems. The entire sample shows an average inefficiency score of 2.5, substantially in line with previous studies employing balance sheet data (see, for instance, Manello et al., 2016) .
Empirical strategy and main variables used
Our empirical approach is to estimate different variants of the model in (6):
where ̂ represents the measure of technical inefficiency estimated using the 2016 financial data, while all firms' characteristics and controls on the right-hand side of (6) refer to the previous year (2015), so as to mitigate simultaneity (endogeneity) problems. Indeed, given that also networking status and female representation might be potentially endogenous, as suggested by Green and Homroy (2018) , we decide to lag by one period all the independent variables included in the regressions. This procedure may clearly be insufficient to dispel residual concerns related to endogeneity and convincingly establish causality. To further prove the robustness of our results to the potential endogeneity of the main variables of interest, in the final section of the paper we rely on the application of a control function approach within the DEA second-stage framework.
The coefficients and capture the relationship between technical inefficiency and, respectively, networking (indicated by −1 ) and female representation (denoted by −1 ). The vector −1 accounts for lagged firms characteristics or controls, such as firm's size and age, while and represent sectoral and regional fixed effects.
Concerning networks, using lagged values is equivalent to focus on all the network agreements created during the year 2015 and before. This idea, other than mitigating simultaneity issues, also reflects the nature of these agreements: after the network contract is signed, it is reasonable to assume that it takes some time before it becomes operative. Therefore, we consider as "networking firms" only those that stipulate the contract in 2015 or before, while firms entering networks in 2016 are in a sort of "transition period": the network has been set-up, but its effects cannot influence the balance sheets. According to this, we create a dummy named Networking, identifying firms participating to network agreements at the end of year 2015.
Data on female representation is drawn from AIDA, too. In particular, for each firm we compute the total number of persons identified as top leaders and we retrieve the information on their gender.
We then create a dummy variable, which we name Female_top_dummy, indicating that at least one woman appears among top leadership roles, according to the approach followed by Campbell and Minguez-Vera (2008) . We also compute the share of female top leaders, following Devicienti et al.
(2018), and name this variable Female_top_share.
Additional control variables, used to partially reduce the observed heterogeneity of technical efficiency scores among different manufacturing firms, are drawn from the managerial literature as well as from empirical studies on the determinants of performance (Nickell et al., 1997; Zelenyuk and Zheka, 2006) . We include a measure of a firm's Size, computed as the natural logarithm of the number of employees in 2015; the firm's Age, obtained as the difference between 2015 and the year of the firm's foundation, and a measure of Vertical disintegration, computed as the ratio between external cost components (i.e. raw materials, services and rents) over total production costs.
To increase our confidence in the suitability of the truncated regression model in the current application, we conducted a simplified version of the test introduced by Daraio et al. (2018) , to which we refer for all technical details. In particular, we perform the test with respect to the two key aspects of the analysis, i.e. networking and the female participation dummies. The test is based on the idea of comparing unconditional and conditional efficiency scores, where the conditioning variables are the main variables of interest. We apply the test in three ways: we first consider each single dummy one-by-one, and then we consider the case resulting from combining the two variables, i.e. the subgroup of firms with female leadership that participate to networks. The nullhypothesis of equally distributed efficiency scores across the conditional and unconditional settings can be accepted, at conventional statistical levels, in all three cases. 6 Therefore, we are relatively confident that the separability conditions are satisfied in our empirical application, at least with reference to our main aspects of interest. Comforted by this result, we next proceed with the secondstage regressions in (6), which are interpreted in the usual way.
Results
Technical efficiency and networking
Before interpreting our results, we observe that the analyzed efficiency scores, distributed between 1 and + ∞ according to the Simar and Wilson (2007) specification, indicate for each firm its specific level of inefficiency. We apply the double bootstrap procedure (i.e., 1000 replications in the first stage and 1000 replications for all truncated regressions) to all estimates. The maximum likelihood method then guarantees the reliability of the confidence intervals proposed. All coefficients reported indicate the impact of each variable on the level of inefficiency. Notice that a negative sign indicates that effect on efficiency is positive.
We begin by showing the impact of networking on technical efficiency scores, disregarding the effect that having females at the top of the corporate ladder might have on performance. Column (1) of Table 3 shows that firms involved in formal network agreements display higher technical efficiency scores, with a positive differential of around 0.08. After entering a network agreement, firms seem to increase their capacity of obtaining output per unit of inputs employed, which we interpret as the result of stronger cooperation and resources sharing with other network members.
The observed effect is relatively small in magnitude, but it remains stable and always statistically significant across all specifications, as we will see. Moreover, the positive effect of networking is confirmed also by the last column of Table 3 , which reports the results from a standard OLS regression where the dependent variable is revenues over labor costs, a rough measure of labor productivity. Also in this case, the direction of the relationship is confirmed, even if this estimate is only tentative, and relatively imprecise, given the lower informative capacity of the productivity indicator used. The main message we obtain, though, is broadly unchanged, and is in line with most of the previous papers that indicate a general positive effect of networking activities on performance (e.g., Cisi et al., 2016) .
For what concerns the evidence on other controls, from the first two columns of Table 3 , the variable Size shows an expected positive impact on efficiency, in line with other works (Devicienti et al., 2017; Latruffe et al., 2008) . Contrary to expectations, a firm's past experience, as proxied by the firm's age, does not seem to exert a significant influence on efficiency. Finally, the level of outsourcing, measured by external costs over total costs, has a strong positive impact on technical efficiency, confirming previous findings reported by Pieri and Zaninotto (2013) and Manello et al. (2016) . Our vertical disintegration control variable contributes to reduce heterogeneity deriving from the strong differences in outsourcing strategies and in vertical boundaries that characterize manufacturing firms, even when they operate in the same sector.
Female leadership and networking activities
We next augment our truncated regression models including information on the presence of female at the top of the corporate ladder. The results, reported in Table 4 , lend support to the view that female representation might have a detrimental impact on a firm's efficiency. As anticipated, we use two different ways to account for female participation: we include a dummy variable indicating if at least one top leader is a woman ( Table 3 .
The last column of Table 4 includes the interaction between Female_top_dummy and Networking (Female*Networking). While the pure ("direct") effect of female leadership roles on efficiency remains negative, the interaction term has a negative and statistically significant coefficient, implying a positive effect. Accordingly, engaging in networking activities is particularly beneficial for firms characterized by the presence of female leaders, as opposed to firms led only by men. The estimated coefficient of the interaction term is large in magnitude (-0.235). Considering the average efficiency scores recorded in the sample, this estimate implies a positive efficiency differential of around 10%, on average, in favor of networking firms characterized by the presence of female leaders. This result suggests that female leaders play a crucial role in the organization and functioning of the network contract. Importantly, the interacted term more than compensates the general negative effect that, per se, the presence of a female top leader has on a firm's performance.
This result is new in the literature, but is in line with recent experimental findings reported by Kuhn and Villeval (2015) . Analyzing individuals and teams at work, these authors conclude that women are generally more proficient in cooperation, and teams created by women work better together, obtaining higher performances. In terms of technical efficiency, our results substantially confirm, on the field, their main findings: networks of firms characterized by an active role of women perform better (10% better on average) than more traditional, male-dominated networks.
Female friendly networks and firm performance
In this section, we further explore the interplay between female leadership roles and networking, by exploiting detailed information on the firms participating to the various network agreements. We are able to identify three categories of networks. First, we isolate networks composed by firms where female do not participate to the firm's pivotal decisions, i.e. where top leaders are only male.
There are 949 firms in such "male-only" networks. Second, we identify networks in an intermediate situation, where there is a certain degree of female participation in the decision making, i.e. where less than half of network members have at least 1 woman among top leaders. Within this category, we found 708 firms, who are identified through the dummy Mixed female networks. Third, in female-friendly networks more than half of the participating firms exhibit at least one female decision maker. There are 288 firms in this category, which are identified with the dummy "Female-friendly networks".
The estimated reported in Table 5 , column (1), confirm our previous findings that female participation per se has a negative effect on efficiency, while the positive effect of networking on efficiency disappears, as in our baseline model 4 of Table 4 . The two dummies "Mixed female networks" and "Female-friendly networks" are negatively signed but only the latter is statistically significant. This suggests that the positive effect of networking on performance is stronger whenever the participation of women in leadership roles is pervasive within the network, i.e. where the majority of members has at least one woman among their top decision makers. It is interesting to notice that this effect is similar in magnitude to the coefficient on the interaction-term in our reference model 4, Table 4 .
In the rest of this section, we provide additional results that connect our paper to the literature studying how female participation in top roles interacts with the more general gender composition of a firm's workforce (Flabbi et al., 2014) . To do so, we run separate regressions for two subsamples created according to the female share among employees at two-digit industry level. The first group collects firms operating in "male intensive" sectors, i.e. where the share of female employees is below the average for the manufacturing sector 8 , while the second group collects firms operating in "female intensive" sectors, i.e. where the total share of female employees is above the average. These regressions are reported in columns 2 and 3 of Table 5 . For what concerns firms operating in male intensive sectors, the negative effect on efficiency of female representation is confirmed, and the estimated coefficient is larger than for the full sample. With a statistically coefficient of 0.052, the negative effects of female leaders on a firm's efficiency score appear to be stronger than in the case of female-oriented environments, where the coefficient is only 0.022 and is not statistically significant. This seems in line with the evidence in Lucifora and Vigani (2016) , who document, for the Italian context, the possibility of organizational, coordination and communication frictions in firms where women bosses are surrounded by male subordinates. Moreover, in male intensive contexts, networks among female-lead firms have significantly higher technical performances, as shown by the estimated coefficients of the dummy "Female*Network". The estimated coefficient is larger, in absolute value, than the value for the full sample reported in Table   4 (-0.261 against -0.235), confirming that networking can be an effective means for female leaders to increase their impact on a firm's performance, especially in male-intensive environments where a female leader's job might be more challenging. On the contrary, in female intensive sectors, the effect of network agreements among female-leading firms is lower (-0.155) than for the full sample.
However, within these sectors, the negative effect from female participation in the top positions halves and becomes statistically insignificant. This evidence suggests that female leaders per se are not necessarily detrimental to performance; the detrimental effects seem to emerge mostly in combination with some industry specificities, such as those related to a higher male intensity in the workforce. In fact, our results support the idea that, with reference to the full sample of manufacturing firms, mainly operating in male oriented sectors, the "rare" female top leaders participate to decisions into relatively "hostile" environments. On the contrary, when considering more "familiar" (to women) environments, i.e. characterized by a strong presence of female workers, the negative effects of female leaders on firm performance disappear (in line with the results of Flabbi et al., 2014) . Relatedly, in these same environments, the benefit to engage into networking activities decreases.
High-tech and digital industries
Many authors report different efficiency effects of female representation into firms' decisions, according to key context characteristics, with a particular interest on the mediating role played by innovative industries or firms. In particular, the results in Dezso and Ross (2012) and in Christiansen et al. (2016) show that the effects of female participation on firm performance is stronger when innovation is a key competitive factor, arguing that females' "different visions" are particularly valuable in these environments. To provide a contribution to this literature, in this section we investigate the differential impact that female managers have in environments characterized by different degrees of innovation and, in particular, with different levels of digitalization. To do so, we simply divide our sample according to different intensities of our aspects of interest, and we run separate truncated regressions on each subsamples. Table 6 reports four columns of results, two relative to high-tech and low-tech sectors (using the classification proposed by Christiansen et al., 2016) and two relative to digital and non-digital industries (using the classification recently proposed by Calvino et al., 2018) . Table 6 , models 1, shows that, while in the subsample of firms operating in traditional sectors the results substantially confirm signs and magnitudes of the coefficients estimated in our baseline model ( 
Controlling for the probability of networking and of having female leaders
The probability of entering a network agreement as well as of having a woman in leadership roles might depend on specific firms' present or past (observed or unobserved) characteristics, an issue that may introduce potential biases in the estimated effects. We try to partially mitigate this problem by applying a propensity score based approach, proposed by Card and De La Rica (2006) on the base of the theoretical framework proposed by Imbens (2004) . This approach requires estimating a first-stage model for the presence of network agreements as well as for the presence of female leaders preliminarily, using past observation of firms characteristics, relative to 2014 in our case.
Therefore, a polynomial in the fitted probability (i.e., the propensity score for each firm) is included among the regressors in the truncated regression used to explain performances. This procedure allows to control in a flexible and parsimonious way for past observed and unobserved characteristics, which can influence the adoption of network agreements and the presence of female leaders.
Accordingly, we report the results from the inclusion of fitted probability, its squared and cubed terms among the explanatory variables in our usual baseline regression (Table 4 , model 4). The results, reported in Table 7 , somewhat confirm the robustness of our main findings on the negative effect from female representation and on the positive impact of female-leaded firms participating to networks. In comparison to our reference model ( A similar procedure has also been applied for the presence of at least one female top leader, with the same approach and covariates used above. Also in this case, the results reported in column 2
show that the inclusion of fitted probability terms reduces the estimated coefficients for the variables of interest and for the interaction with networking, but the main messages remain broadly unchanged.
Conclusion
Despite a recent, prolific and heated debate on the effects of wider female participation to firms' 
Female_top_dummy 0.0429*** 0.0359** (0.0131 -0.0728) (0.00623 -0.0656) Networking -0.0174 -0.00855 (-0.106 -0.0710) (-0.0978 -0.0807) Female*Networking -0.213*** -0.214*** (-0.362 --0.0637) (-0.363 --0.0650) Propensity score -2.751 26.21*** (-51.72 -46.22) (16.36 -36.05) Propensity score squared 42.09 -24.00*** (-595.5 -679.7) (-38.11 --9 .894) Propensity score cubed 32.82 ---(-3,216 -3,282) Controls as in Table 4 Yes Robust confidence intervals in parentheses; *** p<0.01, ** p<0.05, * p<0.1. Even if not reported, we include the same controls from Table 4 , but lagged one year more and referred to 2014. The two-year lag explains the difference in the number of observations.
